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: ABSTRACT (v) 


Twenty-three l-inch-thick rolled homogeneous steel armor piates 
of varicus hardnesses having welded crack-starters were tested against 
20-pound Composition B-ioaded land mines, a‘; a standoff distance of 1.7 
inches. Al of the plates were of Army armor except six which had a 
hardness level of 262 Bhn. These six plates were of STS steel usually 
designated as Navy armor. 


Stee blocks vere used as crack-starters and each measured 2 inches 
square ty 3 inches high and was welded centrally on the top surface of 
the test plates by a single weld pass with a-ferritic type electrode. The 
welds securing the crack-starter blocks were dye-checked to insure agaiust 
the presence of weld cracking before testing. Each plate’ was poritioned 
for test on a test facility to simulate mounting as a floor plate in a 
combat vehicle. All tests were conflucted within a tempereture range of 


-\0°F ana C°F. Damage occurring to each plate was recorded. \ 
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A number of tests have been conducted in the past to detersine the 
amount cf protection provided by cress-rolled homogeneous steel armor plate 
of l-inch thickness against antitank mine blast. 


This test was conducted to determire the protection provided by 
l-inch-thick rolled homogeneous Army armor of various hardnesses, and STS 
(Navy arwor) against land mine blast when the plates are conditioned to low 
temperatures. It was expected that the results would provide a basis for 
selecting the best hardness level for rolled steel Army armor floor plates 
and provide a comparison with STS (Navy armor). 


2. DESCRIPTION OF MATERIEL 


2.1 (C) Plate 


The plates under test consisted of l-inch-thick cross-rolled 
homogeneous steel armor having over-all dimensions of 60 by 84 inches. Six 
plates were available for testing in each of the hardness levels of %3, 
262, and 255 Bhn while only five plates were available at the 302 Bho 
hardness level. ‘the physical and chemical properties of tha test plates 

are listed in tne mamfacturer's test report contained in Appendix F. All 
Bintes were Army armor except the six at a hardness level of 262 Bhn. Those 
six plates were STS (Navy armor). 


The test plates were numbered consecutively on the upper left 
hand corner of the photographs, one through twenty-three, inclusive. The 
Plates as referred to in this report will be identified by those numbers 
instead of using the photograph numbers. 


The Brinell hardness and plate identsei cette are as follows: 


Aimor Type Br’nell Hardzess Plate Numb=r 
Homo Rolled (Army) 363 1 through 6 
Homo Rol ted. (Arwy 302 7 through 11 
Homo Roiled (Army 259 12 through 17 
STs (Nevy) | 18 through 23 


2.2 (U) land Mines 


The land mines were molded at this installation into cylindrical 
shape measuring approximately ten. inches in diameter by four inches in 
height with an over-all weight of approximately eng yous The mines 
were uncased Composition B explosive, Lot No. HOL-7- 
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3. DMTAILS OF TEST 


3.1 (U) Procedure 


A steel block meacuring 2 inches square by 3 inches high was placed 
centrally on the top surface of the test plate and fillet-welded by + single 
pass with a ferritic type electrode around the purimeter of the block (Sketch 
1, Appendix B). ‘the fillet welds were (hen wachine-ground to a cmooth finish 
and dye checked to insure against weld cracking. 


"ro thermocouple leriis were welded to the bottom surface of each 
test plate us ng silver solder. The thermocouples were located at: points 
approximately eleven inches in from the long edge, thirteen inches in from the 
short sdge ar at opposite corners of the test plate (Sketch 2, Appendix 5B). 
In additiox, i.o steel rods measuring approximately 1/4 inch in diameter by 3 
inches 14 Jug and bent into an "8" configuration were also welded at points 
approx4u.t2l}; one inch from the above-mentioned thermocouples. These "S" hocks 
were placed ‘idjacent to the thermocouples to act as anchors to prevent the 
‘chermocourjes from breaking off at the weld during final hookup (Sketch 2, 


The plates were tested individually in the following manner: 4 
test plate was placed on top of two steel beams measuring approximately 
twelve inches square by sixty inches in length, with the beems resting on the 
ground. The distence between the two inside edges of the steel beams was 
approximately fifty-eight inches. A steel frame weighing spproximately three 
and a half tons was then placed on top of the test plate and squared to insure 
even coverage. 


The frame wae then filled with approximately 650 pounds of dry 
ice. The ice was pulverized by the use of « sledge hammer and spread to give 
even distribution. It is estimated that approximately 70% of the top surface 
of the test plate was covered by dry ice. 


A tarpaulin 12 feet square wes then plist over the entire setup 
to act as a blanket to assist in lowering the tect plate temperature. 


The temperature of the test plate was recorded by the use ofa 
constant temperature recording device, connected to the thermocouple leads. 
For each of the plates tasted, plate temperature was lowered 20°F below the 
actual temperature at detonation time. The 20°F differential was necessary 
to allow for final preparation before detonation. ‘This preparation consisted 
of removal of the tarpaulin and dry ice, the placement of the 8-ton bold-down 
plate centx‘ally on top of the frame, the positioning of the mine beneath the 
test plate and the final hookup of electrical detonating wires. 


A mine was then positioned centrally under the test plate in a 
pradug hole leaving a distance of 17 inches between the top surface of the 
mine and bottom surface of the test plate. After completion of all necessary 
safety checks the tetryl pellet and electrical detonating cap were inserted 
into the mine and the mine was then covered with approximately three inches 
of loosely packed soil. Upon return of the explosive operator to the bomb- 
proof, ‘the electrical detonating wires were connected to the detonating 
machine. 
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temperature. Plate No. 20 tested at -hO°F ruptured but not as severely as 
some plates in the other groups which were tested at -30°F anf -20°F. Plates 
Hos. 18, 19, 21, and 23 were tested at -30°F with plate No. 16 showing no 
rupture, plate ho. 19 showing only slight cracking, plate No. 2) developing 
a rupture but not to an extremes degree, and plate No. 75 showing no cracking. 
Plate Mo. 22 tested at -20°F 414 not develop any cracing: These results tor 
the group of #fS (Navy armour) plates indicates this ie the best.material under 
low tusperatwre conditions to withstand Jani mine blast. 


3-3 (U) Charpy Data (Reference PTL Report No. 56-P-40, Appendix E) 


Lower hardness readings were odtained at this insteliation for the 
majority of the plates, perticularly those of the low hardness gruups, thar 
were reported by the armor manufacturer: 


The results of the Charpy impact tests performed at AFG inficated 
that the majority of ae met or exceeded specific<ticon requirements. Only 
four plates, Nos. 3, 4, 5, and 6 in the igh hardness gr ap, showed Charpy 
values slightly below the specification requirements. 


4. (C) CONCLUSIONS 


Besed on the results of this test it is concluded that: 


a. Combat vehicl: l-inch rolled steel floor plate material of the STS 
(Navy armor) type provides better protection when tested at low temp- 
erature against the blast from a 20-pound Composition B land mine 


than rolled homogeneous Army armor at any hardness level from 255 
to 363 Bhn. 


b. She performance of the groups of plates tested at low temperatures 
against mine blast may te ranked as follows: 


Numerical Rating Bhn Hardness 
2 262 gYS (Navy) 
2 xe 
3 255 
s 363 


5. (C) RECQOEERDATIONS 


Based on the results of this test it is recomended that: 


a. <A project be inaugurated to thoroughly investigate the performance 
of l-inch SIS (Havy erncr) at temperature levels from ambient to 
40°F land mine blast to esteblish definitely vrether this 
materia], should be selected as a floor plate armor. 
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b. Until STS (Navy armor) has ceen definitely proven a ‘esirable 
iloor plate material at all. service temperatures, Aray rolled 
homogeneous armor in a hariness range of 255 to 202 Bha be 
approved for use. 


W. A. GROGS, JR | 
Chief, Autesotive Division 


WG, Yet 


H. A. NOBIE 

Assistant Deputy Director 

fur Engineering Testing 
Development and Proof Services 
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'  CoPr/ec APPENDIX A 
2 Letter Directive 
; ARMOR SRANOH 
os ARR. AND AMMUNITION EFFECTIVENESS DIVISION 
DIVISION «TEST PLAN DATE: 5 Mar 2 
bo PROJECT TITLZ: , a 
Araor Protection Against Lend Mines 
PROJECT ENOIRER, 1 PROJECT NO.s *T1-58/A, 


OBJECT OF TEST: To obtain information on relative performenece of 1* armor of 
sewral hardvess levels in resisting lend mine attack ct enblient cnd ab- © 
sero temporatures. 


Tt ee ee ~ 


BACKGROUND ¢ Some testing has been don %o obtain the information indleated 

= above. Howewr, variations in test methods & results precluéed arriving et 
definite conelusions. The proposed teste will be performed in a more eyetematio 
manner in en effort to obtein the desired information, | 

= TYTSMS WIDER TEST: ne ee be 3 

Six plates 5¢z?*x1" of each of the following rolled honogeneces 


_ Atmy Armor - BET 302 Arey Areor MW 362 


APPROX, DATES OF TEST: Materiel not expected WO. OF ROUWDS: 25+30 
J . for several mouths 

OUTLINE OF PROGRAM; | : 
, 1. Place crack starter (welded block 2°x2"x3") in center of each plate 
\ 2. Magnaflux welds 


armors 


: 3. Test % of cach plate at ambient temperature ad 3 at - LOOP 
} @. Plates will be mounted flat on 2 steel members iS" above ground : 
b, A heavy frame with beveled inner edge will be placed atop the plate 


end on top of the frame will be placed a heavy hold down olave. 
©; Mise will be placed 17" below the center of the plate, will be 
Coe. Se of lcosely pecked soil and will be statically : 


Seren a 


=. a, Amount of plate deformation end eracking, if any, will ve reconied. . 
= 6. Weights of charges will be determined from previow firings and, 
% if necessary, will be adjusted during the course of the test, 

. lh. Formal report will be prepared. 
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OTAC rie/aPa (a9 ) Nov 35) 

ORDBO-LP TS. AS 0 Ma A2/S97 (1956) 

SUIS: Armor Protection Against Lend Mines 


Hq, Ordnance Tank-Automotive Cumand, Res & Dey Div, Detroit Kreonsi 
Canter Line, Michigm FEB 18 1957 


T: Cosanding Osneral, Aberdeen Proving “Ground, Maryland 
ATs ORDBO-DP~TE, Mr. i, M, Cromer dre 


1. The testa outlined in basic Zetter are hereby authorised, 

2, Funds in ths snount of $20,000 heve been issved and PESD 70b05330- 
12-80022 has been forwarded to Aberdeen Proving Ground ‘9 cover the test 
requized, These funds sre in the approved project area, 

3, This Comeand will purchase the necessary 2) armor plates (1"xS' xT"). 


h, Distribution of memorandwa and finel reports should de ‘n accord- 
ance With attached distribatdcn liste, 


FOR THE COMMANDER: 


1s S, RASMUSSEN 
w/w Tne 2 “E38 
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- _ ORDNANCE CORPS 
ABERDEEN PROVING GROUND 


MARYLAND ur Bremer dr /rvp/53215 
DEVSLOPHEMT AND PROOF ‘SERVICES - 
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| SUBIRCE » Amor Froteotion Aguinst Land Kinss 38h = fs 3 
| | 
70: Comaariing General Ene: 
Ordnance Tenkedutémotive Command - ae As) 
Detroit Arzenal > : ‘a Q 
Center Ling, Michigan ae 
> 
 APTENTION: ORDUC=RMs2 a, is 
REPERGIORS: ‘a, Letter 13 Sep 1955, fils ARO CMH 476/13, 00/50 201,91, Fes, 
Det Ars i76/APG (15 Sep 55) CMH, Subject: Firat NN 
Memorandum Report ca Armor Protaetion against Land * as 


Mines ~ Expansion of Project TT1-5B (0), with lst, 
2d and 3a indorsenents., 


b. Letter 1s duty 1955, file ARG 400,112 /3-248, Det ars 


100.234 /aPG (i. duly 55), Subjects Winter Armor Ballis- \* 


tio Pict Program Being Planned for Port Churchill, 
Canada 1955-56 (U); with let, 24 and 3d indorsenents. 


C. Teletype Detroit Arsenal 26 April 1955 7760385. 
d. Aberdeen Proving Ground Pirirg Record Mo. ar-21392. 
1, Refereroes 2, arm d. contain recults of tests designed to 


a 


‘0 
Ss 


ent and sub-sero tenperatures. 


determine tha resistame to orseking and deformation of 1" homogencous 
arnor (STS-Mavy type and Army armor) egainst land mim attack at embi- 


A review of the results reported there- 


ee 


in indicates: the need fo> considerable additional firing to more defi- 
nitely establish the reiativs performance of the two ¢ 
end the optimm hardnese of wateriel for tank floor pla 
eo many variables in test procedurss were employed in an eftort to 
arrive at the most reproducible test method, and results wers conse- 
quently of such a veriadle nature, that. definite conclusions cannct 
be drawn from theso data. 


2. Through trial and error it has been established that the most 


of material 
In short, 


satisfactory method of mounting the itens for test is as shown in sketch 


1, inslosure 1, ami described below: 


ae A2* equare x 5" high steel blook is placed centrally on 
the top surface of the 5' x 7! test plate ani i at tl pe welded (1/,". 
austenitio electrode) by a single pase around perimeter of the 
block, 
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An3 
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ORDEG-DP-TE ee eee 7 
SUBJECT; Armor Protection Against Land liines . : 
b. The test plate is set in an horirontal position vith ics «3 

two 7 sides resting on and extendirg 2" over i* x 1' x 7! steal sup- : 

ports placed on the ground. Distance between the two steel supports 

is 56 inohes. | a | | | 
0. A steel frame 8 thick, to provide for maimm plate — | 
deformation, and an 8-ton hold-down plats are placed atop the test 7 7 
plate. 
d, The mine is eaplaced beneath the center of the test plate 

at a distance of 17% fram top of mine to the bottom surfase of the i 
Plate, and the mine is covered with three inches of loose svi] and is | 
atatically detonated. | 
3. Much of the current testing to determine the mine explosive . 
weight required to defeat Army armor of specification hardnes2 and | 
of various thicknesses from 1/," through 1-1/2" has besn carried out 7 
waing the method just described ant resulta, for the most part, are a 
- Oonsistens for given explosive weirsht/ermor thickness combinations. ; 
lh. It is recomended that tests previously carried oul in an | 
effort to compare STS and Army armor and to compare differant hard- | | 
nesses “f Army armor be repeated using the improved technique described 
above and employing a mine explosive weight to be determined fran the me 
‘testa referred to in paragraph 5. It is the opinion that at least 3, 
. amd preferably 5, trials should be contusted for each combination of . | 
Plate type/plate hardness /and test temperature. For such & program 
the following material would be required: | | 
” ‘type . Test Wmber of Plates 

Plate Sise_ _Arucr Hardness ‘Teapercture Minimm Desired | 
"x 5¢ x 7 STs 255 Ambient 5 5 i 
i* x 5* x 7 878 255 Sub-sero 3 5 : 
Mx Ste 7! | Ae RH 255 anbient 5 5 | 
a“ « 5' x 7! Aray BK 255 Sub-serc 3 5 : 
Ws 5°x7 bray ut 502 —- dnbiont 5 \ 
"x 5° = 7' drwy RH 302 #8#=« Bub-serc 3 5 : 
a ee a eh 3 5 i 
25° a 7! any RE 32 sare 3 5 ' 
e 7 

{ 
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ORNEG-DMTE 


SUBJKCT: Armor Protection Against Land Hines 


_ ° . Ge It is estimated that the cost of testing the above plates 
would be £20,000 for the-miniaum sample sisc and $16,000 for the 
desired semple sise. Ccmente at an early date would be appreciated, 


. F. COLLERAN 
Diractor 


BSpire/pa/tn06 
CRDMG-RM.L : AD February 1958 
SUBJ, Test Directive for Mine Test Pa. wan 
for 1* Rolled. Avace 
TOs Comanding Genera) 


Anerdeen Proving Oround 
Aberdera, Maryland 
ATTINT..Ols Me. W. C. Plese 


REFERENCEs 8. PEED 70L05330911-60022 dtd 30 Jan ST 
b. Liz File No. APO 100.112/9377 d€d 19 Hew 56 


1. Twenty-four (2) pete of 1‘ rolled armor plete of various 
hardness are to be shipped to Aberdeen Proving Ground from Lukens Stee). 
Compaay by 1 March 1958. i. 


: » ¥ 
TT Tr me An natn ips WR oe Mae NR vier nee steele etie! Bey ae materia art arnt hae Ae of Fe ea Eon meses Mt get thay: 
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i 
2. The funding for testing the armor plates is covered by reference 
“e*, . ) t 
3. The adie rate bas program, referense "b", is to be revised 
slightly as noted below ‘ 
@. Type of mines 20; (comp B). 
b. Crack Starters ields should be ground and then checked for | 
erecks. | 4 
| c, Method of Tasting: See attached sketch for Plates 1 through 
\, Plates 5 and 6 are to be used as check plates, : 
4. This office decires to be notified in advance of scheduled firince : 

to permit attendance by interested pereonnal,. 
FOR THE COMMANDER» 
BY Tack ie D. ENGLAND j 
Sketeh of Method Culef, katerials Branch 
of Teatiag (in dupe) <4 
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Charts of Test Results 
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APEENDIX 2 
‘Physicel Test Laboratory Report: 


ENGINEERING LABORATORIES 
PHYSICAL TEST LABORATORY REPORT 


ORDBG=DPaLP 
EXAMINATION OFs Report Noo 58Pr40 
Twonty~three Senples of Shect__ dF Bae ea 
1" Wrought Armor. 
Dates of Test__20—26 Nov, 12958 
BIECT OF EXAMINATION : 
Conducted for Cant, W. V. Resnick 
To obtain Brinell Hardness | 
and Charpy Impect Data on the Armor Bros Autos Div, 


plates. 
Project Noo TWasls/55 


Be A. Mos 32223850 
1. 4" square plates were 


sawed from flame out sanples Reforence___Ml-Aw12560 (Ord) 
and supplied to the laboratory 


fox determination of the major 
working direction. 


Jae 


2. The test samples were macroetched for one hour in 50% HCL. The 
major working direction was indicated and the samples wers returned to 
the machine shop for machining standard Charpy "V" notch specimens, one 
specimen from each sauple, 


3. Charpy apecimens were cooled to -40° F for 30 minutes, and broker: 
on the impact testing machine, Fracture ratings were made on the specimen 
fracture surfaces, 

4e Brinell hardness readings were taken on the broken Charpy specimens, 
RSUTS) 

Tabulated results follows 


2 17 25 363 15.0 
3 15.5 25 352 ~ 16.7 
4 : 25 363 15.0 
5 16.5 25 352- 16.7 
6 25 363 15.0 
é 100 311+ 25.4 


CRDBC-DP*LE Report Ko. 58=P-40 


. 
Spece No, Eperey, gtejbs. Fracture, % Shear UN Spec.Choroy Energy ft-]bs. 

39.5 100 302 28.0 
10 6 100 Ae Sb+4 
11 38.5 190 q11¢ 25, 
12 5 85 227 - 53.5 # 
13 5365 100 2i7- 53,5 "* 
4 5 100 229 - 48.0 *# 
15 25 100 229 - 48.6 ** 
16 58 100 223-- 50.7 ## 
17 58,5 100 223 50.7 baal 
18 3 100 24}, - 43.0 ¥M 
19 78,5 100 ass 37.0 
20 7 163 i 4 ae) 
23. 80 100 241 -- 43,0 ** 
22 The5 160 241~ 43 1 oe 
23 100 241~* 43 0 ee 


*® Specified BHN for 1" plate 1e 331-375, 
** Hardness values ere ovteide range given for plate up to 4", #0 Charpy 
valuos are applicable to plate 4"=~12" only. 


MARY OF RESULTS 
1. Plates 1-6 met the specification hardness requirement. Plates 


l<2 and 7-23 met tho upecification impact requirement. Only plates 1 and 
2 met both hardness and impact requirements. 


SUBMITTED) APPROVED s 

Ri of) Weibel Lag to, ng a 

KR. L. HUDDLESTOM TH, 0 
Chief, a Chief, 

Radiographie & Metallurgical Section Physical Test Laboratory 
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B31891: Plate No. 1, NEAT No. LUL-22104 1-1, Bhn Range 
etoneted at -30°F. ; 
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B3iG90: Plate No. 1, HEAT No. 
Detonated at -30°R. 
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231892: Plate No. 7, HEAT No. Li-22104 1-?, Bhn Range 321/321. 
Detonated at -30°F. 
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531893: Plate No. 7, HEAT No. 22104 1-2, Ein Range 221/321. Rear 
View. Detonated at -30°F. 
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B31894: Plate No. 8, HEAT No. LL-2210) 1-2, Bhn Rang? 321/321. 
Detonated at -20°F. 
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B31695: Plate No. 8, HEAT No. 22104 1-2, Bhn Range 321/321. Front 
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B31897: kuate No. 1h, HEAT No. LL-22104 2-2, Bun Range 255/255. Front 
View. Detonated ut -20°Fr. 
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B3189e: Plate No. 
Detonated at -30° 


View. 


G-9 


CONFIDENTIAL 


B31899: Plete No. 19, HFAT Ne. 19026 32-P, Bhn Range 262. Front View. 
Detonated at -30°F. 
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B2i1900. Plate No. 19, HEAT No. 19026 3-B, Bhn Range 262. Fear Vier 
Detonited at -30°F. 


G-11 


CONFIDENTIAL 


CONFIDENTIAL 


Llate No. AL, HAT No. 19025 3-B, Bhn Range 252. 
“Gg LOOK 4 


Sok 


CONFIDENTIAL 


Rear View. 


CONFIDENTIAL 


B31902; Plate No. 21, HEAT No. 19026 3-B, Bhn Range 262. 
Detonated at -30°F. 
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B31903: Flate No. 16, HEAT No. LL-2210) 2-1, Bhn Range 241/255. Front 
View. Detonated at -20°F. 
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View. 


B31LG07: Plate No. 121 
Detonated at -20°R. 
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B3L908: Plate Na. 5, HEAT No. LL-22104 1-1, Ehn 
Detonated at -LOPF. 
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B3L900: Plate No. 9, HEAT No. LL-22104 1-3, Ehn Range 293/221. Front 
Viow. Detonated at -2O°F. 
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B31910: Plate No. 3, HEAT No. LL-22104 1-1, Bhn Range 351/275. Front 
View. Detonated at -30°F. 
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B3L91L: Plate No. 4, HEAT No. LL-22104 2-3, Bhn Range 351/275. Front 
Detonated at -"O°F, 
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No. 18, HEAT No. 19025 3-B, Bhn Range voz. Kear view. 
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B3L251: Plate No. 20, HEAT No. 1900.) 3-B, Bhn vtange “o2. Rear View. 
De tonated cf al OF. 
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Plate No. 20, HEAT No. 19006 43-B, Ehn 


Detonnrted at -40 F. 
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ReLO53: Plate No. 13, HEAT No. LL-22104 2-2, Bhn Range 255/255. Front 
Detonuted at -2O°F. 
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B31555: Plate No. 12, HEAT No. LI-22104 2-2, Bhn Range 255/255. Front 


Detonated at -30°F. 
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B31E56: Plate No. 12, HEAT No. LL-22104 2-2, Bhn Range 255/255. Rear 
Netonated at -30°F. 
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B3L597: Plate No. 10, HEAT Ho. LL 22104 1-3, Bhn Range 293/321. Front 
View. Detonated at -0''F. 
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531855: Plate No. 10, HEAT No. LL-22104 1-3, Bhn Range 293/321. Rear 
View. Detonated at -20°F. 
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View. 


B31859: Plate No. 6, HEAT No. LL-22104 2-3, Bhn Range 251/375. Front 
Netonated at O°F. 
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B31860: Plate No. 5, HEAT No. LL-22104 2-3, Bhn Rane 351/375. Rear 
Detonated at OT. 
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BI1G61: Plate No. 2, HEAT No. LL-22104 2-3, Bha Range 351/375. Rear 
View. Detonated at <30°F. . /3 
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B31&2: Plate No. 2, HEAT No. LL-2210h 2-3, Bun Range 351/375. Frout 
View. Detonated at -30°F. 
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